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(54) UNCOMYCIN DERIVATIVBS AND THE MANUFACTURE 
^ ' THEBSOP 

(71) We, THE UPJOHN COMPANY, a corporation organized and existing 
under the laws of the State of Delaware, United States of America, of 301 Henrietta 
Street^ Kalamazoo, State of Michigan, United States of America, do hereby dedare the 
lATcntion, for whidi we pray that a patent may be granted to m, and the method by 
which it is to be pofomied, to be particolady described in and by the foUowing 
statement * » 

This invention relates to novel compounds and to a process for pxeparmg them 
and is particularly directed to l'-(2-hydHayediyl>l'-demediylclmdamycin (7-halo-7- 
deoi^l'<2-hydr«Kyediyl)-l'-demedqrlUncamyci^ and analogs diereof, as well as esters 
and ediers thereof, and to processes wfaerelry they an d Hkc c ompotmds are produced. 
These compounds have clindamydn-like andbacteiiai actiyity and can be used in a lite 
manner. Hiey, moreover, have improved Gram-negative activi^ and hsm lower 

mftfturtfliian toxidty. 

The novel compounds of the invention can be represented by die fallowing 
structural formula: 




20 



wherein Halo is chlorine, bromine, or iodine; R is alkyl of not more than 4 carbon 
atoms, to wit, methyl, cdiyl, propyl, isopropyl, buwl, isobmyl, secbutyU aid tatbut^, 
or 2-4iydroxycd^ and .Ac is die acyl radical of an L-2-pyttoUdmecarbaHylic aad of the 
formulas ; 
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v^ierehi Rj is alkylidene of not more than 8 carbon atoms {induding methylene) and 
alkyl contains fiom 1 to 8 catboa atoms inchisive. Any or all <rf die 2-, 3-, and 4- 
nydro^n. groi^ can be csterified or etherified. 

Examples of alkyl of not more than 8 carbon atoms are mediyl, emyl, proOTl, 
butyl, pent^, h<ayl, hcpt^, octylj and the isomeric forms dierccrf. Exanaples of alkyl- 
idene groups (Ri) include medqrlene, ethyiidcnc, propyiidcnc, butylidene, pentylidene, 
hezylidene, hepwiidene, and Ocgflidette» and the isomeric forms thereof. 

The novd coo^unds of die invention. Formulas lA and TB, (Formulas lA and 
IB are Formula I where Ac is dieticyl of acids A and B respectively) cm be prepared 
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by N-alkyladng with a 2-hyditnyethyl alkylatiDg agent a I'-desnetfa^dmdamycin or 
— tbacai of Fonxiula I where Ac is the acyl ndkal of a 4-substitattd-L-2- 
: add of the fomndafl: 
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BD 

The piepaFadon of caitq)ounds of Fotmnla lAB and Fcmnula IBD is disclosed in 
U.S. Patents 3,496,163 and 3,502,648. 

An alternative process is to all^late adds AD and BD to f onn adds A and B and 
to aqrkte a conqxwnd of the formula: 




with the adds A and B« The pr^aiadon of co mp o un ds of Fozmula n is also disclosed 
in U^. Patent 3^02,648. The acylatton of the compounds of Fonnola n widi adds 
AD and BD can be effected by the piocedure of tlie above-noted patents, wherein a 
mbced anhydride with isobutylchloroiormate is used as the acylating egent 

The N-alkylation of compounds of Fonnula IAD or Fotnnila IBD, or of die adds 
AD or BD is effected by reacting the starting compound with ethylene oxide. The 
starting material, advantageously as die hydrodiloride add addition sah, is heated widi 
the etfayleiie oxide, preferably in a pressure vessd, in which the reaction proceeds as 
follows: 
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The reaction mixture after cooling is worked op in the usual manner using sudi 
procedures as distillation, solvent extraction, crysmllizstioa and die like. 

The proportions are not critical but an excess of ethylene oxide is dcBoiMt, An 
excess of from 2 to 100 times the stofdiiomctric amount is suitahle* The tea^atnre 
25 also is not critical. At tenqMsratores bdow 35*^0., howeveci the reaction is nndeshahly 25 
slow and ordinarily it wili not be necessary or desirable to exceed about 200"C The 
reaction proceeds well at 100° C 

Advantageously the reaction is carried out in an inert mtttoal sdvent for the 
reactants. Suitable such solvents ixK:lude methyl alcohol, ethyl alcohol, propyl alcohol, 
30 boKsaie, tohiene, cydobexane, and tetrahydrofuran. 30 

Alternatively the ali^lation can be effected by a reductive alkylatioa such as 
described in U.S. Patent 3,496,163, Part Gl— 4, by substituting the fonnaldeiTde 
(formalin) by hydroxyaoetddebyde. 

Any or all ^ the 2-, 3-, and 4^ydroxy gnn^» can be esterified before ^ leacdon, 
35 for exan^le widi hydioicaxboa caxboiylic acida^ advantageously of sot moie than 18 35 
caibon aioiDSj or halo-, nitio-s hydnnQr-j amino-, cyano-;i ifaio^ano-j or alkaiiy sab- 
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sdtuted hydrocarbon carboxylic acids, advantageously also of not more than 18 caxbon 
atoms. These acylates also have antibacterial activity* 

Examples of cazbozyiic add acyl radicals axe the acyl xadlcals of the f oUowmg 
acids: (a) saturated or unaaturated^ strai^ or branched chain aliphatic cazbozylic 
5 adds, for example aceticj propionic, butyric, isobutydc^ tert-bu^acetic, valoic, iso^ 
valeric, caprice^ capxylic, decanoic, dodecanoic, trldecoic, myristic, poitadecanoic, 
palmitic, margaric, stearic, acinic, crotonic, undecylenic, oleic, hexynoic, hq>tynoic9 
and octynok acids, (b) saturated or tmsaturated, alicyclic caiboxylic adds^ for example, 
cydobutanecarboxylic add, cyclopentanecarbosg^c add, cyclopentenecaibozyiic add, 
10 methylcyclopentenecaxboxylic add, cydohezanecarbosylic add^ dimethylcydohezene- 
caiboxyuc add^ and dipiopylcydohexanecaiboxylic aod, (c) saturated or unsaturated, 
alicydic aliphatic carboxylic adds, for example, cydopentaneaceric add, cydopentanc- , 
propionic add, cydohexanebutyric add, and methycydohexaneacetic add, aromatic 
carboxylic adds, for example, boizdc add, tduic add, naphthoic add, emyibcnzoic 
15 acid, isobutylboizoic add, and mediylbtnylbenzoic add, and (e) aromatic-aliphatic 15 
carboxylic adds, for example, phen^cetic add, phenylpropionic add, ^bei^^ivateric 
adds, dnnamic add, phenylpropiolic add and naphtiiylacetic add. Suitable halo-, 
nltro-, hydroxy-, amino*, cyano-, thiocyano-, and lower alfaaE^ydxocazban caxboxyiic 
adds indude hydrocarbon carboxylic adds as given above which axe substituted by one 
20 or mox« of halogen, nitro, hydroxy, aminos cyano, or thiocyano, containing a total of 
not more than 18 carbon atoms, or alkoxyl^nbocaibon carbos^lic adds of not more 
than 18 caibon atoms. Suitable sudi alkoxy groups indude metlioxy, ethoxy, propozy, 
butoxy, amyloxy, hexyloxy, dodecyiragr, hexadecyloxy, and isomeric forms therectf. 
Examples of sudi substituted hydrocaibon carboxylic adds are mono-, di-, and tri- 
25 chlosoacetic add; a- and ^S^-ddoropropionic add; O' and y-bromobu^nic add; cr- aixd 29 
^-iodovaleric acid; mevalonic add; 2- ^ 4-chlorocydohexanecaxboxyiic add; shildmic 
acid; 2-nitro-l-nacthyicyd6butaiiecaiboxy^ add; 1,2,3,4,5,6-hexadilorocydohexane- 
cartwxylic add; 3-bromo-2-mcthyicydohcxanecarboxylic add; 4- and 5-bn>mo-2- 
metfaylcydohexanecarboxylic add; 5- and 6-bromo-2-aiethy]cyclohexanecarboxylk add; 
30 23-dibromo-2-mcthylcydohcxanttBrbaxyiic add; 2,5-dibromo-2-methylcydohcxane- 30 
caibox^ add; 43-dH>romo^-mediylcydohexanecaibdxy]ic add; 5,6-dibrQmo-2- 
meti^lcydohexanecarboxylic add; 3-bnntto-3-methylcydohexanecarboxylic add; 6- 
b!tomo->3-metliylcydohexanecaxboxyHc add; l,6-dibrQmo-3-methylcydohexanecaib- 
ox^ add; 2-bromo-4-methylcydohcxanccarbox5iic add; l,2-dibromo-4-methykyclo- 
35 hexanecarbozylic add; 3-bromo--2,2,3-trimediylc7dc^enianecarbox;^ add; l-bromo- 35 
3,5-dimethylcyclohacanecarboacylic add; homogenxisic add, o-, m-, and /Hchlorobenzoic 
add; anisic add; salicydic acid; p-hydroxybenzoic add; jS-resorcylic add; gallic add; 
vcratric add; trimcdioxybenzok: add; trimcthoxydnnamic add; 4,4'-didiloroben2ilfc 
add; a-, m-, and p-nitrobenzoic add; cyanoaoetic add; 3,4- and 3,5-dmitrobeazoic 
40 add; 2,4,6^trinitrobenzoic add; tfaiocyanoacetic add; cyanopfopionic add; and lactic 40 
add. Exanq>]c8 of such alkoxyhydrocarbon caxboxyiic adds axe eduxyformic ac^ 
(edxyl h3rdrogen carbonate); baQdoxyfcamic add; pentjdoag^fbmiic add; h^losyfoxmic 
add; dode cyl u xyf oimic aaid; and hexadecyioxyfoimic add* 

— can also be escerified after the reaction but in that case the hydroxy grotqi 



45 cl the 2-!iydroxyetl^ group is also esterified. In fact, by using an equimolar amount, or 45 
less, of tise esterifying agent a l'-^;^cyloxyetiiyl>l'-demetfaylclindamydn or analog 
theieof can be obtained without the 2-, 3-, or 4-hydroxy groi^ being aqrlated. The 
monoacylates thus obtained also have dindamycin-Iike antibacterial activity and can 
be used in a like manner. 
50 Any or all tijc 2-, 3-, and 4-hydroxy gro\q>s can also be cdicrifiied, for examtple, 50 

with alk^ advantageously of not more than 20 carbon atoms ; cydoa&yl, advantageously 
of from 3 to not more than 12 carbon atwns; or ylidene {e.g., 3,4-0-ylidene) gtoap for 
example alt^lidene, advantageously of not more than 20 carbcm atoms and arallgdidene 
vinylogs thereof, advantageomly of not more than 12 carbon atoms. These ethers 
55 also have antibacterial activity. Examples of alkylidene are given above and examples 55 
of aralkj^dene axe furfurylidene, 5-mediylfurfurylidene, benzylidene, m-tolylidene, 
tdylidene, p-tolylidene, o-chlorobenzylidcnc, wi-chlorobenzylidenc, m-bromobenzyl- 
idcne, p^romobcnzylidenc, p-methoxybenzylidcnc, m-mcdioxybenzylidctte, o-methoxy- 
benzylidene, 3,4-dimethoxybenzylidcne, salicyiidene, p-hydroxybenzylidene, 3i4,5-tri- 
60 methoxybenzyHdene, pipenmylideDe, o-mtrobenzyHdene, p-dilorobenzylidene, m-nitxo- 60 
benzylidene, p-nttxobeozylidene and j^tphtfaylidene, 2,4-dichloroben7{rlidene, 3-meth- 
oxy-4-hydxoigrbenzyUdeiiis, texq)hdqrlid»ie, 3,4-difaydn)^benzylideiie^ and dnna- 
mylidene. 

The compounds of Formulas lA and IB exist ehfaer in the profecmied or non- 
65 protonated forms according to the pH of the environment When die protmated form 65 
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is intended, the compound is qualified as an add-addition salt and vAsea Aft non- 
protonated f oim is intended it is qualified as ilie free base. The free bases can be con- 
verted to stable add-addition salts by neutralizing die free base with die epptapnm 
add to belov pH 7.0, and advantageously to pH 2 to pH 6. Suitable adds for diis 
5 puipose include hydrodilodc, sulfuric, pbo^bonc, tfaiocyanic, fiuosilidC) hexafluoro- 
aisenici heioduorophosphoric, acetic, succinic, dtric, lactic, maldc, funoaric, pamoic, 
cfaolic, palmitic, mudc, camphoric, glutaric, glycolic, phduJic, tartaric, lauric, stearic, 
salicyMc, 3-phenylsalicylic, 5-phenyisalicylic, 3-niethyMutaric, ordiosulfcfccnzwc, 
cydopentanqjropionic, 1,2-cyclohexanedicaiboiyiic, 4-cydohexanecarboxylic, octade- 
10 cenylsuccinic, octenylsucdnic, methanesulf ooic, benzenesulf onic, heliandiic, Reiner's, 
dimcthyldiduocarbamic, cyclohcaqrlsulfaniic, hexadccylsulfamic, octodecyisulfamic, 
soibic, monochloroaetic, undecylenic, 4'-hydroxya2obcnzene-4-8ulfomc, octyldecyl- 
sulfaric, picric, benzoic dnnamic. ^ *_ , ^ 

The add-addition salts can be used few list same purposes as die nee base or d iey . 
15 can be emplcQ^ to upgrade the same. For esaoq>le, the base base can be converted to 15 
an insohible salt, sudi as the plciate, i^vbich can be subjected to purifipxion procedures, 
for example, solvent extiacdoas and waaiii^j cfaromatogtaphy, fractional liquid-liquid 
extractions, and crystallization and then used to regenerate the free base form by treat- 
ment widi aOcaii or to make a diSeient saOt by metathesis. Or the free base can be 
20 converted to a water-sdiible sah^ sudi as the hydrocfalcmde or sulfate and die aqueous ^ 
soludon of the salt esor^ted wi£ various water*immisdbk solvents befoxe regenerating 
the free base form by treatnlent of the thus-extracted add soludon or converted to 
another salt by metathesis. The free bases of Formulas lA and IB malte good vehides 
for toxic acids For example, the fluosilxdc add addition salts are useful as motb- 
25 prociuig agents" according to U.S. Patents 1,915^34 and 2,075^59 and the hexafluoro- 
arsenic add and hexafiuorophosphorxc add additicm salts are useful as parasiriddes 
according to U.S. Patents 3,122,536 and 3,122,552. The thiccyanic add ad<Ution salt 
when condensed ynih formaldehyde farms resinous materiais useful as picUing inhibttota 
accordmg to U.S. Patents 2,425^20 and 2>606,155. . «ft 

30 The close analog of dindainydn* l.e., vTliere alkyl is dr or irons alkyl of not more ^ 

I than % carbon ataans and R is methyl, ediyl, or 2-hydrQxyethy], have antibacterial 
prtqyeities, and some are comparable or siqierior to lincomydn and can be used fmr die 
Mim» purpose as lincomycttL The other analogues and isomers have similar antibacterial 
properties and can be used for the same purposes as lincomydn where larger amounts 
35 . are xurt objecdonaUe. ^ , , 

Accordingly the present inventton provides an antibacterial con^ositian com- 
prising as the acdve ingredient a conapound of the inveadon tpgedxr widi a phannaf* 
ceudcally acceptable carrier. 

Having r^ard to the provisions of Secdon 9 of the Patents Act 1949 attrition is 
40 drawn to Britidi Patent Spcsdficatians Nos. 1,247,612; 1,140,833 and 1,140,663. . 40 
The following <^«wpl»« aie illustrative of die process and productt of the present 
invention bat are not to be construed as limitfaig. The parts and percentages are Iff 
wdgbt and the sdvent rados are by volume unlns odierwise specined. 

fisample 1 

45 l'-(2-Hydrozyethgd>-l'-'demediylclindanQrcm 45 



25 
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A mixture of 10 g. of I'-dimediyldindamydn • HO, 100 mL of ethyl alcohol 
and 50 xnL of ethylene oxide was seated in a pressure flask and heated at lOO^'C. for 
one hour. The flask was thm cooled to O'C and opened and the leacdoa mixtuxe 
50 evaporated under vacuum to give a viscous amber oil The oil was dissdved in 200 mL 50 
of H3O, and die pH adjusted to 10 with aqueous KOH soludon. Extcacdon with 
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CHa, follo\nng by cWLpotatlwi of the extracts gave shoot 10 g. of crude product . This 
material was purified vw chromatography over silka gd using a solvent sysiem com- 
posed of ciiiyl acetate: acetone: water (8: 5: 1) for dmion. The product fracaoojLwere 
identified by thin layer chromatography, condjined, and evaporated to give 2.0 g. of 

Analysis: 

^'"^•^'516.15; H.7.75; N. 6.16; S. 7.05; 0.7.79. 
Found: C 50.13; H, 7.69; N, 626; S, 6.82; O, 8.08. 

Activity (m mtro, as Ae hydrochloride): 
Ca. ixdbdamydn— Gram-positive bacteria 
Ca. ZxcUndamydn-^Gfam^iegative bacteria 

Exanmle 2 



This reaction was carried out in the same mamier as Example 1 using as star^ 
material the appropriace as isomer. A yield of 1.1 g. of l'-(2-liydn»yethyl)-l -de- 
metfayl-af-dindamycin was obtained. 

Found: €,4934; H, 7.81; N, 6J1; 8,6.87; 0,7.80. 

M^°* +156' 

Acdvity (in vitro, as the hydrochloride): 

Ca. 02 X clindamycin Gram-positive bacteria 

> ixdindanaycm vs Gram-n^ative 

Example 3 

l'-(2-Hydroiyct!i3^>l'HienaediyM'-Hfcpropyl-4'-c£^ and 
<fWtf-i>eBtylr1fndamycm 
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This reaction was carried out in the same manner as Example 1 using as stordig 



material l'-demcthyM'-^propyl-4'K:ii/fraw-pentyiclindamycin (Example 10 of U.S. 
^. ..J^J'l^ ^ l'-(2.hydroxyediyl).l'-demcthyM'-<iq>ropyl- 



Fatent 2,496»163). A yidd of 50) g. of 
4'-cis/trans-pentylclindamycin was otoined. 



35 
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Analysis: 

CaloL for C„H„CiNsO,S: 

C, 52^1; H, 8.14; N, 5.80; 

Found: Q 52.16; 1% 8.17; 5.83; 

Activity (in vitro, as the hydiocfaloridc): 

Ca. 2xdi]idaniycin vs GiaoMiegative bacteria 



S, 6.64; 
S, 6.60; 



<X 734. 
a, 732. 



WHAT WE CLAIM IS:— 

I. A process for making compounds oi ibt fonnola: 



Am 
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In which any or all of the 2-, 3-, 4-faydrozy groups can be esterified or edier^ed. Halo 
is chlonne, foronun^ or iodine^ R is alkyl oi not more than 4 caifoon atoms or 2-hydn3acy* 
etbyl, and Ac is the acyl radical of an L-2-pyrrolidinecaiboKylic add of the fonnulas : 




15 



or 



15 




20 



mtoem Rx is an alkylidene grom of not mote than 8 cazbcm atoms and aSkyi contains 
1 to 8 caoibon atoms indusive nAudx compn'sfts N-aUcylaiing a cQiiq)ound of Fommk ^ 
any or aU of die 2*} 3*^ and 4*lQ|drQ0iy groins of wiudi can be estenfied or etfaerified, 
wherdn Halo and R are as above and Ac is die a^ of an L-2^yzTQlidinecaiboxylic 
add oi iht fomnila: 



20 



BD 



or 




AD 



25 



with a 2-hydrozyetfayl alkylating agent, Ri being 4s given above. 



25 
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The process of daipi 1 in which tiie alkylation is effected with ethylene wade. 

3. Tte piooess of claim 1 in wfaidi the a&ylation is effected by reductive aucyiatifm 
wiih 2"hy dr ox ya cetaldcfayde. 

4. A conq^ound of the formula: 



AcKH- 




and the esters, ethers and acid addition salts thereof wherein Hal is chlorin^ 

or iodine, R is alkyl of not more than 4 carbon atoms or 2-hydroxy8lkyl, and Ac is w 

acyl radical of an L-2-pyEroiidinecarbasylic acid of die fonnula: 



10 




(B) 



10 



m 
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^vhexem Ri is alkylidene of not more than 8 carbon atoms and alfcjd contains 1 to 8 
carbon atoms inchxsive: 

5 A oompound or add addition salt thereof according to dahn 4 wherem ^ojs 
chlorine, R is mediyl, and Ac is the acyl of an L-Z-pymrfidmecarbQ^lic aad of tiie 
formnla: 



(B) 



15 



20 



wherem attyl is fmjpyl. . ^ ^ ^. , u • xx i« 

6. A compound or acid addition salt thereof accordmg to claim 4 wherem Halo 
is chlorine R is mctfiyl and Ac is the acyl of an Lr2-pyrn)lidinccarbacyUc add <rf the 
formula: 



20 




wherein alM HRi is trm prop^ 

7. A r^r«n«< or add addition salt thereof acccnduig to daim 4 vdierem Hoo 
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is chloiine« R Is mediylj and Ac is tibe of an L-2-pynolidiAecaiboiQrlic add of tlie 
fonnnla: 



(B) 



iRtadn is peoQrL 

8. A co mp o un d or acid additioD sale dwmtf aooordxqg to daim 4 ^ivbeidn Halo is 5 
cidmine in the (S) oonfiguzaiioiii R is mediyl and Ac is itie acyl of an L-2-pyiiolidine- 
catboBC^ add of tbe mnuila: 



wherein sSkyi is trans pn^jl 
10 9. A compound or add addition salt tiieieof according to daim 4 wherdn Halp 10 

is dilorine in die (S) coofiguratioiiy R is methyl and Ac is the acyl of an L-2-pynolidine- 
caitaylk add m die foonula: 




wherein alkyl is pentyL 
15 10. A process for die pr^aratton of a compouid as daimed in any of daims 4 to 

9 sufastantiaQy as herein described widi refieience n the Exanqtles. 

11. A compound as daimed in any of daims 4 to 9 wbea prepared by a process as 
daimed in daims 1 to 3 or 10. 

12. An antibacterial annpositian con^nising as die active ingredient a componnd 

20 as daxmoi in ai^ <tf daims 4 to 9 or 11 togedier widi a pharmaseotically aooq)tab]e 20 

For the Applicants: 
GILL, JENNINGS & EVERY, 
Chartered Fafient AgentSi 
51/52 Oinnnry I^ne, 
Landoa, WC2A IHN. 
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